this paper presents the results of a study and modeling of the influence of the solvent's dielectric constant on the extraction of eugenol from the Laurus nobilis L leaves. The aim of this work is to study the effect of the solvent on the extraction of eugenol from the leaves of Laurus nobilis L., to propose a theoretical model for describing the results. Shredded plant material of Laurus nobilis L. leaves 0.1-0.5 mm. Aqueous solutions of ethanol (23, 39, 55, 73, 80, 96±1% v/v). The extracts were obtained by a ratio of plant materialsextractant 1:5 (w/v), insisting for 24 hours at a temperature of 24±1°C. Analysis of the extracts was carried out using reverse phase high performance liquid chromatography and a standard sample of eugenol. The dependence of the concentration of eugenol in alcohol-water extracts on the concentration of ethanol in solution was studied. It was found that the maximum concentration of eugenol is observed in solutions with ethanol concentrations of 85±15 % vol. This range of ethanol concentrations corresponds to a dielectric constant of the solvent of 33.5±3.5 units. The regression equation of the dependence of the concentration of eugenol in the extract on the dielectric constant of alcohol-water solutions is obtained. It was found that the dielectric constant of the solvent has the most significant effect on the process of isolating the phytocomponent from plant materials. A mathematical model is theoretically grounded and tested to describe the dependence of the concentration of eugenol on the dielectric constant of water-ethanol solutions. The optimal range of solvent dielectric constant was found to achieve the maximum concentration of eugenol in the extract.
I. INTRODUCTION
At the moment, there are very few works in the scientific literature in the field of phytochemistry that would be devoted to the development and creation of a mathematical model to describe the dependence of the concentration of biologically active substances in the extract on the physicochemical properties of the solvent.
Some of them focus only on an empirical study of the degree of transition of phytocomponents from plant materials to a particular solvent, without a theoretical explanation of the results [1] . Other studies are devoted to the mathematical description of the effect of ionic and hydrotropic liquids on the extraction of phytocomponents from plant materials [2, 3] , which is certainly interesting, but not applicable to conventional types of solvents.
Another group of works is devoted to modeling the process of dissolution of phytocomponents in a solvent using thermodynamic principles [4] . However, the influence of the plant matrix on the distribution of phytocomponents between phases was not taken into account in the work.
It should be emphasized that the theoretical description of such a relationship provides the key to identifying the optimal solvent parameters to achieve the maximum degree of depletion of plant materials with minimal cost of solvent volume, energy and mass of processed plant materials.
Laurus nobilis L. is an interesting plant for scientific research, since this plant is widespread throughout the world, has a number of valuable pharmacological effects and contains several groups of biologically active substances 
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(flavonoids, essential oils, sesquilactones and several other groups of substances) [5] [6] [7] .
The biologically active substances from the Laurus nobilis L. leaves exhibit some important pharmacological activities like following: antibacterial, antitumor, antioxidant, antinociceptive, etc. [7] [8] [9] [10] . According to the literature, one of the important biologically active substances in the Laurus nobilis L. leaves is the eugenol.
The aim of this work is to experimentally study the effect of a solvent influence on the extraction of eugenol from the Laurus nobilis L. leaves and to propose a theoretical model to describe the results.
To achieve this goal it was necessary to solve a number of problems: to study the effect of a water-ethanol solvent on the concentration of eugenol in the extract; theoretically substantiate and test a mathematical model of the dependence of the concentration of eugenol on the dielectric constant of the solvent; to predict, experimentally verify the result and offer the optimal type of extractant for the isolation of eugenol Laurus nobilis L. leaves.
II. EXPERIMENTAL

Medicinal plant material
For research, we used plant raw materials, crushed to a homogeneous mass of Laurus nobilis L. leaves with particle range 0.1-0.5 mm purchased at the LLC Lavrusha, Krasnogorsk, Russia, series No. 530619, shelf life up to 07.2020.
Solvents and substances standards
Aqueous solutions of ethanol (23, 39, 55, 73, 80, 96±1% v/v), were used as extractant. All solvents except ethanol qualification "analytical grade", ethanol -pharmaceutical, produced in Russian Federation.
As a standard substance, we used a standard sample of eugenol (Sigma-Aldrich, Germany).
Getting extracts
Extracts for analysis were obtained according to the following procedure: two grams of raw material (exact weighed), filled with 10.0 ml of solvent (exact weighed), insisted for 24 hours, at a temperature of 24 ± 1°С.
The final extract was poured and centrifuged at a rotation speed of 13000 rpm for 5 min, and then analyzed using reverse phase high performance liquid chromatography (RP-HPLC).
The method of analysis of RP HPLC
The extracts were analyzed using an Agilent Technologies instrument of the Agilent 1200 Infinity series, manufactured in the USA. The analysis technique is described in detail in [6] .
Suitability and validation parameters of the chromatographic method
The main parameters of the validation method of analysis and suitability of RP HPLC system for determination of eugenol are presented in Table I .
Theory
One of the key quantitative parameters of the solvent, which can significantly affect the distribution of the phytocomponent between the phases of the extraction system, is its dielectric constant [12, 13] .
To build a mathematical model, the authors applied the energy approach, which is associated with a change in the chemical potential in the extraction system and the energy of intermolecular forces (that expressed through the Gibbs energy). For this, the authors used a number of assumptions: the molecules are polar; Debye's forces can be neglected; the matrix of plant materials is represented by cellulose; the dielectric constant of the impregnated matrix of plant materials (εy) is equal to the sum of the product of the volume fraction of components by their dielectric constant, i.e. cellulose (ε1) and solvent (εx); the equilibrium constant (K) is equal to the equilibrium concentration of the phytocomponent in the extract (C).
Thus, using these assumptions and formulas from the source [14] , one can compose a series of equations (1) -(5): (5) where Δμ is the change of chemical potential in the extraction system, J/mol; N, N0 are equilibrium quantity of the substance in the liquid phase and total quantity of the substance in the extraction system, mol; R is the gas constant, 8.314, J/(mol·K); T is the absolute temperature, K; C is the equilibrium concentration of the substance in the extract, mol/L or g/ml; ΔGsolid is the binding energy of the molecules of biologically active substances with the matrix of plant materials, J/mol; ΔGsolv is interaction energy of molecules of biologically active substances and solvent molecules, J/mol; ΔGunpred is unaccounted energy processes, J/mol; NA is the Avogadro number, 6.02·10 23 mol/L; π is the mathematical constant, 3.14; ε0 is the electric constant, 8.85·10 -12 F/m; ε1, εx are dielectric constant of the plant material matrix and solvent, respectively; μ1 μ2 μ3 are molecule dipole moment of the plant material matrix, biologically active substances and solvent, respectively, C·m; α1, α2, α3 are molecule polarizability of the plant materials matrix, biologically active substances and solvent, respectively, m 3 ; I1, I2, I3 are molecule ionization energy of the plant material matrix, biologically active substances and solvent, respectively, J; r is the distance between the molecules, m; φ1 is the volume fraction of the plant material matrix.
After converting these equations and isolating the dielectric constant of the solvent from them, we can write the equation (6), which describe the relation between the equilibrium concentration of substances in the extract and the dielectric constant of the solvent: (6) is rather difficult for mathematical processing, therefore, to simplify it, the authors accepted another assumption that the ratios 2 (6) reduces to a quadratic equation (7):
III. RESULTS AND DISCUSSION
The dependence of the concentration of eugenol in the extracts obtained using different concentrations of ethanol was studied. The results of the RP-HPLC analysis of the content of this substance in the extracts are given in table II.
As can be seen from the data in Table II , the highest concentration of eugenol is observed for an ethanol solution of 81% vol. However, it should be clarified that the maximum concentration of eugenol in the extract can be expected in the range of ethanol concentration of 85±15% v/v. Then, using the data which was displayed in Table II and reference data on the dielectric constant for the ethanolwater mixture [15] , we constructed the dependence in the coordinates Fig. 1 ).
As can be seen from Fig.1 , the experimental data are well described by the proposed mathematical model (7) within the range of the dielectric constant from 37 to 30 units (1/ε=0.027÷0.033). Moreover, the regression equation has the form that was predicted by the theory 
IV. CONCLUSION
The influence of the type of solvent on the extraction of eugenol from the leaves of Laurus nobilis L. was studied. It was found that the dielectric constant of the solvent has the most significant effect on this process. A mathematical model has been theoretically substantiated and tested to describe the dependence of the concentration of eugenol on the dielectric constant of the solvent using water-ethanol solutions as an example. Range found the dielectric constant of the solvent is 33.5±3.5 units, at which the maximum concentration of eugenol in the extract is achieved. The results can be used in further studies to improve the technology for the isolation of eugenol from the Laurus nobilis L. leaves.
